Introduction
The incidence and prevalence of diabetes have increased worldwide. 1 The prevalence in Sweden is about 4%-6%, with the majority of patients (85%-90%) being diagnosed with type 2 diabetes mellitus and mainly managed by general practitioners. 2, 3 The risk of serious cardiovascular complications is at least twice as high for patients with type 2 diabetes as in healthy controls. 4, 5 Multifactorial risk reduction and improved glycemic control based on current guidelines are central for these patients in order submit your manuscript | www.dovepress.com
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Walz et al to delay or prevent complications and premature death. [6] [7] [8] [9] The beneficial effect of intensive glycemic control for minimizing microvascular complications is very strong in patients with type 2 diabetes. 10 However, the relationship between intensive glycemic control and macrovascular outcomes is questionable given the recent studies suggesting that lowering glycated hemoglobin (HbA 1c ) values below recommended levels (6% from the Diabetes Control and Complications Trial [DCCT] ) increases the risk of hypoglycemia and does not lead to any further reduction in macrovascular events or all-cause mortality in these patients. [10] [11] [12] [13] However, both low and high mean HbA 1c values are associated with increased allcause mortality and macrovascular events.
14 Adherence to the prescribed antihyperglycemic medication regimen has been found to be crucial for achieving and maintaining glycemic control and is associated with better clinical outcomes in patients with diabetes. [15] [16] [17] [18] To optimize treatment outcomes, Sweden has, like most other Western countries, formulated evidence-based guidelines and treatment goals. The Swedish goal for HbA 1c is 6% (Swedish standard), which is comparable with the 7% in the DCCT standard (52 mmol/mol). 19 Studies have confirmed that patients who achieve this goal have a reduced risk of cardiovascular events. 20 However, despite treatment guidelines and good access to health care, less than half of patients with type 2 diabetes in Sweden achieve the recommended HbA 1c levels. 21 Many antihyperglycemic therapies induce hypoglycemia, which is perceived as unpleasant by patients and can sometimes be life-threatening. 22 Among the oral antihyperglycemic medications, sulfonylureas are particularly associated with an increased risk of hypoglycemia. 23 The metformin and sulfonylurea regimen is recommended by Swedish national guidelines and is one of the antihyperglycemic combinations most frequently used in Sweden. 19, 21 It is challenging to achieve glycemic control in patients with type 2 diabetes without inducing hypoglycemia. Thus, it is important to identify and evaluate barriers to achieving and maintaining glycemic control in the type 2 diabetes population. To our knowledge, there are no studies that specifically focus on the symptoms of hypoglycemia and their impact on adherence, satisfaction with treatment, and goal attainment in patients with type 2 diabetes on metformin and sulfonylureas, which is one of the recommended oral treatment regimens in clinical practice in Sweden.
The aim of this study was to evaluate the impact of symptomatic hypoglycemia on medication adherence, treatment satisfaction, and glycemic control in patients with type 2 diabetes based on the treatment goals stated in the Swedish national guidelines.
Patients and methods
Patients and study design
The study design has been published previously, 24 and was essentially of a national, cross-sectional, and multicenter nature. Patients were on stable doses of metformin and sulfonylureas for at least 6 months prior to enrollment and were recruited consecutively from 54 locations in all of Sweden's 21 county councils by their general practitioners between January and August 2009 (Figure 1 ). The patients were asked to complete three questionnaires, ie, the Experiences of Hypoglycemia, Self-Reported Adherence and Barriers, and Treatment Satisfaction Questionnaire for Medication (TSQM). Primary care physicians completed a web-based case report form. 24 The study protocol was approved in October 2008 by the Regional Ethical Review Board in Linköping (M185-08).
Data collection
Primary care physicians completed a web-based case report form with data collected from patient's health care records including age, sex, weight, height, diabetes duration, percent HbA 1c (expressed in Swedish mono standard; 6% in Swedish mono standard corresponds to 7% in international standards [DCCT] ), blood glucose, total cholesterol, highdensity lipoprotein cholesterol, triglycerides, blood pressure, other drug treatment, and history of macrovascular and microvascular events, as well as other major medical events. The patients had been on stable doses of metformin and sulfonylureas for at least 6 months prior to enrollment. The physicians also completed a questionnaire about changes in each patient's antihyperglycemic treatment during the visit. The patients completed a detailed eleven-item questionnaire comprising sociodemographic characteristics, ie, family history, educational level, marital status, and professional activity, and clinical characteristics, such as smoking habits, lifestyle, weight gain, and duration of diabetes.
experiences of hypoglycemia
Patients were asked to complete the Experiences of Low Blood Sugar (Hypoglycemia) questionnaire used in earlier studies, comprising ten items on the frequency and severity of symptoms of hypoglycemia in the 6 months prior to the study. 25 Mild symptoms were defined as causing "little or no interruption of activities, without need of assistance to manage symptoms," moderate symptoms were classified as "some interruption of activities, but without need of assistance to manage symptoms," severe symptoms were described as "interruption of activities with need of assistance from others to manage symptoms," and very severe symptoms were defined as "interruption of activities with need of medical attention." 24, 25 Hypoglycemia symptoms were stratified by severity (none, mild, moderate, severe, or very severe). Group categorization was based on patient experiences of interruption of their activities due to symptoms of hypoglycemia, which is consistent with the definition used in a recent Cochrane review, where hypoglycemia was categorized as mild (controlled by patient), moderate (daily activities interrupted but self-managed), or severe (requiring assistance). 13 We dichotomized the group according to perceived interruption of activities; those who had no or mild symptoms of hypoglycemia (no activities interrupted) and those who had moderate or worse symptoms (activities interrupted), because there is evidence that quality of life is lower in patients with moderate or worse symptoms than among those with no or mild symptoms. 24 Our hypothesis was that moderate and worse symptoms of hypoglycemia affect the patient's preferences and adherence in much the same way.
self-reported adherence and barriers
A previously used self-report adherence and barriers questionnaire developed by Grant et al and also employed by others was used to assess adherence. [26] [27] [28] This questionnaire contains 13 items; five are answered by "yes/no", five on a 5-point Likert scale, and three on an 8-point Likert scale. Six of the 13 questions concern smoking, diet, and physical activity (Table 1) , while seven focus on adherence and barriers to medication adherence. The patients were clearly informed that the questions about adherence and barriers were intended to evaluate their experiences of antihyperglycemic treatment. To increase comparability, we decided to enter adherence as a dichotomous variable (always taking or not taking medications exactly as prescribed) and present the responses as in other studies using the same questionnaire. [26] [27] [28] Adherence was estimated by three questions concerning the antihyperglycemic medication regimen: "How often do you take your diabetes medicines exactly as your health care provider prescribes them?"; "In the last week, how many days out of seven were you able to take all of your diabetes medicines?"; and "Did you take all of your diabetes medicines yesterday?". The rationale for using all three questions to classify patients as adherent or nonadherent (always taking or not taking 
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Walz et al medications exactly as prescribed) was to minimize the risk of overestimating adherence.
Treatment satisfaction Questionnaire for Medication
Patient satisfaction with oral antihyperglycemic medication was analyzed using the TSQM version 1.4. The TSQM is a validated questionnaire containing 14 items. 29 The dimensions measured are side effects (five items), effectiveness (three items), convenience (three items), and global satisfaction (three items). Items are answered by "yes/no" or on a 5-point or 7-point Likert scale. A score per dimension was calculated ranging from 0 to 100, with a higher score indicating greater satisfaction with treatment.
Data analysis
Standard descriptive statistical methods were used to summarize patient demographics and responses. The Student's t-test was applied when comparing groups of continuous variables. Analysis of variance was used when more than two groups were compared. All analyses were adjusted for differences in age, and the age-adjusted P-values were calculated by means of analysis of covariance for continuous variables and the Cochran Mantel-Haenszel test for categorical variables. The Mann-Whitney U test was applied when the t-test requirements were not met and the Kruskal-Wallis test when more than two groups were compared. Categorical data were presented in percentages. Chi-squared tests were used for the questionnaires and group affiliation. All tests were two-sided and statistical significance was considered to be established at a P-value of less than 0.05. The test of independence was used to identify the association between several variables in cross tables. The null hypothesis was classified as independent, ie, Pearson's Chi-squared P-values of less than 0.05 imply that there is dependence between variables. All analyses were performed using Statistical Package for the Social Sciences versions 19 and 20 software (IBM Corporation, Armonk, NY, USA).
Results
Patients
Of 430 patients with type 2 diabetes included, nearly one fifth (19%) described moderate or more severe symptoms of hypoglycemia in the 6 months prior to the study, during which they were treated with metformin in combination with sulfonylureas. The mean age of the study population was 69 years, and 61% of subjects were men. The group with no or mild hypoglycemia symptoms was older than the group with moderate or worse symptoms of hypoglycemia (70 years versus 65 years; P0.001). After age adjustment, no gender differences were obser ved between the hypoglycemia severity groups or between the adherent and nonadherent groups. All patients were on stable doses of metformin and sulfonylureas; the mean daily dose of metformin was 1.9 mg and the mean daily sulfonylurea dose was 4.8 mg of glibenclamide and 2.1 mg of glimepiride or 7.1 mg of glipizide. The most frequently used sulfonylurea was glibenclamide (64%). No significant difference in mean doses or type of sulfonylurea was observed between the hypoglycemia severity groups or between the adherent and nonadherent groups. The baseline data and sociodemographics are summarized in Table 1 .
experiences of hypoglycemia
Nearly one third of the patients experienced some form of hypoglycemic symptoms (Figure 1 ). Patients were dichotomized into groups classified as no or mild (81%) and moderate or worse (19%) experiences of hypoglycemia.
self-reported adherence and barriers
Thirty-seven percent of all patients were classified as nonadherent, ie, they reported that they did not adhere to agreed antihyperglycemic treatment instructions (Table 1) . Patients with moderate or worse symptoms of hypoglycemia reported poorer adherence (46% versus 67%; P0.01) compared with patients with no or mild symptoms. Adherence was negatively associated with severity of symptoms of hypoglycemia and more likely in patients who did not experience such symptoms (Figure 2 ). Patients with moderate or worse symptoms of hypoglycemia were more likely to report barriers to adherence than patients with no or mild symptoms ( Figure 3 ). Figure 3 Overall scores of reported adherence and barriers to adherence (%) in the study groups with no/mild symptoms and moderate/worse symptoms of hypoglycemia.
P-values are age-adjusted. *P0.05.
Discussion
The main finding in our study was that symptomatic hypoglycemia, classified as moderate or worse, was associated with nonadherence in patients with type 2 diabetes treated with the recommended antihyperglycemic drug combination of metformin and sulfonylureas. Overall nonadherence was 37%, which is consistent with the findings of other studies. 22, 23, 25 However, in patients with moderate or worse symptoms of hypoglycemia, more than half (54%) reported nonadherence, which is twice as high as the average nonadherence rate (24.8%) in a quantitative review of adherence research. 30 Studies conducted in Europe have analyzed the association between hypoglycemia and management of type 2 diabetes, and our results confirm that patients walk a thin line between glycemic control and symptoms of hypoglycemia. 24, 26, [31] [32] [33] [34] [35] Hypoglycemia is associated with lower quality of life, poorer adherence, and higher risk of discontinuation of antihyperglycemic treatment, and can complicate the overall treatment outcome in patients with type 2 diabetes. 17, 24, 31, 36, 37 There is evidence that poor adherence to medication and lack of persistence with treatment in patients diagnosed with a chronic disease, including type 2 diabetes, have an adverse impact on public health and overall mortality, as well as contributing substantially to increased health care costs. [38] [39] [40] [41] [42] Our results suggest that glycemic control is achieved at the expense of symptoms of hypoglycemia in patients with type 2 diabetes treated with metformin and sulfonylureas.
The RECAP-DM (Real-Life Effectiveness and Care Patterns of Diabetes Management) study, conducted in seven European countries, indicated that patients with type 2 diabetes who experienced symptoms of hypoglycemia reported more barriers to medication adherence than 
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impact of symptomatic hypoglycemia on medication adherence patients who experienced no symptoms. 26 These findings are supported by our study. However, patients in RECAP-DM were dichotomized by no or any form of hypoglycemia. When dichotomizing our population in an analogous way, we also found poorer adherence in the group with any form of symptomatic hypoglycemia compared with patients who had no symptoms (50% versus 70%, P0.002) .
In RECAP-DM, reaching target HbA 1c status was associated with adherence to medication. It is worth noting that, in our study, symptomatic patients showed better goal status despite poorer adherence than the group with no symptoms (51% versus 35%; P0.002). However, Table 1 shows that there were no differences in glycemic control between the adherent and nonadherent groups in our study, which was unexpected.
An interesting explanation proposed by others may be that good adherence to medication will only have an impact on glycemic control if suitable doses and an effective antihyperglycemic regimen are prescribed. 43, 44 It has been found that suboptimal treatment seems to be more common than nonadherence to antihyperglycemic medication among patients with type 2 or uncontrolled diabetes. 45 Concern about hypoglycemia and awareness of the negative consequences for quality of life prevents both patients and physicians from adhering to the treatment instructions. 46, 47 Our patients had been on the study treatment satisfaction for at least 6 months and had various perspectives on their symptoms of hypoglycemia, nonadherence, and treatment. Patient records indicated poor overall glycemic control. Nevertheless, in 85% of cases, the primary care physicians did not change the antihyperglycemic treatment at the study visit.
Patient-reported outcomes are reports provided directly by the patients themselves about how they function or feel in relation to a health condition and its therapy, and are therefore not interpreted by a clinician or anyone else. 48 The purpose of patient-reported outcomes is to provide the patient perspective, which might help health care professionals to assess the effectiveness of treatment, understand symptoms and other outcomes, and recognize disease progression. 49, 50 When assessing the effectiveness of a treatment regimen in the clinical setting, it is important to consider patient-reported outcomes in order to establish whether uncontrolled diabetes is due to poor adherence with the prescribed antihyperglycemic treatment regimen or if poor glycemic control is caused by inadequate antihyperglycemic treatment. In chronic diseases such as type 2 diabetes, the patient perspective on functioning and well-being is essential, given that the main objectives of treatment are to avoid or delay complications and to maintain or improve quality of life. 49 Our results highlight the need for a broader understanding of patient preferences and patient-reported outcomes to improve the management of type 2 diabetes. Patients with moderate or worse symptoms of hypoglycemia indicated several dimensions where they were less satisfied with their antihyperglycemic medication regimen than patients with no or mild symptoms, which is consistent with previous findings for patients with type 2 diabetes. 26 Patients who experienced moderate or worse symptoms of hypoglycemia reported lower global satisfaction in the TSQM survey and were less satisfied with the effectiveness of their antiglycemic medications and side effects, despite having lower HbA 1c values. Decreased treatment satisfaction should be taken seriously because it is associated with poorer adherence and an increased risk of discontinuation and nonpersistence. 51 Inadequate persistence has been identified as one of the leading adherence problems in patients with a chronic disease, including type 2 diabetes. 31 The main strength of this study is that its participants constituted a representative population of patients in Swedish primary health care. It was conducted in a primary care setting and 430 patients with type 2 diabetes treated with one of the recommended combination regimens were consecutively enrolled. Patients were recruited during a regular visit to their general practitioner at 54 locations in all of Sweden's 21 county councils. We consider the homogeneity of the sociodemographic variables to be a strength of this study when analyzing the impact of symptomatic hypoglycemia on medication adherence, treatment satisfaction, and glycemic control (Table 1) .
Symptomatic hypoglycemia was one of the key observations in this study, but there is no consensus on the definition of hypoglycemia in the literature, which may limit the generalizability of our results. 52 However, our categorization of hypoglycemic symptoms is consistent with the definition of hypoglycemic episodes in a recent Cochrane review. 13 It is most likely that symptoms of hypoglycemia were related to sulfonylureas with no or limited influence of metformin. 23 The questionnaires in this study have been previously used to identify and categorize symptoms of hypoglycemia, and yielded consistent results. 25 However, in our study, patient-reported symptomatic hypoglycemia relied on patients' memory, which may favor more severe symptoms and thus might have affected the proportions in the two severity groups. Another possible limitation is that the patients had been on the study treatment for at least 6 months prior to enrollment. Those who experienced more severe symptomatic hypoglycemia or any other adverse side effect were most likely taken off treatment and only those who tolerated the study medication were enrolled. This could have led to an underestimation of the frequency and consequences of moderate and worse symptoms of hypoglycemia. Our results indicate that, when treating patients with type 2 diabetes using a combination of metformin and sulfonylureas in clinical practice, experiences of symptomatic hypoglycemia could be even more prevalent than was the case in this study. Patients with no and mild symptoms were older than those who reported moderate and worse symptoms. Given that awareness of the warning signs of hypoglycemia is impaired in the elderly, it is possible that older patients had just as many moderate or worse symptoms of hypoglycemia as younger patients, but were not aware of them. However, in our study, we evaluated the patients' experiences of symptoms of hypoglycemia and the impact of such symptoms on adherence and goal attainment. Asymptomatic hypoglycemia is not considered to change patient behavior. Symptomatic hypoglycemia occurred more often in patients with lower HbA 1c values. These results indicate the reliability of self-reports because lower HbA 1c is associated with an increased risk of hypoglycemia. Blood glucose levels were not measured at the time of the hypoglycemic symptoms. Thus, any correlation between the severity of symptoms of hypoglycemia and actual blood glucose levels was not possible. However, the results may be clinically relevant due to the significant association between the participants' perception of symptoms of hypoglycemia and nonadherence to medication.
No single method for measuring adherence des cribed in the literature has proven to be completely adequate. 53 The variety of methods and lack of a definition of adherence limit the ability to compare our results with other studies. However, the literature suggests that self-reported questionnaires provide an adequate estimate of adherence, 54 and our results rely on a well-known and previously used questionnaire.
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Conclusion
We conclude that experiences of symptomatic hypoglycemia in patients with type 2 diabetes treated with metformin and sulfonylureas are associated with nonadherence, barriers to adherence, and decreased patient satisfaction with treatment despite better glycemic control. Given that the objective of glycemic control is to prevent or delay complications and maintain quality of life, our results highlight the importance of a broader understanding of patient-reported outcomes to improve the management of type 2 diabetes.
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